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ABSTRACT 29 
We report the first geochemically confirmed findings of the Askja volcano (Iceland) 30 
AD 1875 eruption cryptotephra in Eastern Europe. The cryptotephra finding in Latvia 31 
is the easternmost finding of the Askja AD 1875 so far, providing an important time 32 
marker in the sediments. Even though low concentrations of Askja AD 1875 rhyolitic 33 
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glass shards were recorded, our findings suggest the possibilities of also tracing other 34 
historical cryptotephras in lacustrine and peat sediments in Eastern Europe. We use the 35 
Askja AD 1875 tephra isochrone to synchronize pollen data of human activities, i.e. the 36 
rye (Secale cereale) cultivation. Our comparison of Secale pollen from two sites reveals 37 
that there were minor dissimilarities in the timing of highest rye cultivation, and that 38 
synchronous decrease of rye cultivation occurred at both sites few years after the Askja 39 
eruption at AD 1875. 40 
 41 
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 43 
Introduction 44 
The Askja AD 1875 eruption was the largest Plinian eruption in Iceland during the 45 
historical times, dispersing volcanic ash (tephra) over wide areas in northern Europe 46 
(e.g. Mohn, 1878; Carey et al., 2010). Beside numerous tephra findings in Northern 47 
Europe (e.g. Persson, 1971; Oldfield et al., 1997; Boygle, 1998; van den Bogaard and 48 
Schmincke, 2002; Bergman et al., 2004; Pilcher et al., 2005; Wastegård, 2005; Davies 49 
et al., 2007; Wastegård and Davies, 2009), cryptotephra of the Askja AD 1875 eruption 50 
has recently also been detected in northeastern Germany and northern Poland (Tylmann 51 
et al., 2016; Wulf et al., 2016).  52 
The total volume estimates for the Askja AD 1875 eruption revealed a mass 53 
discharge as large as 1.37 km3, which is of comparable size to the volcanic eruption of 54 
Mount St. Helens in AD 1980 (Carey et al., 2010). In comparison, the recent small-to-55 
intermediate size eruption of the Icelandic volcano Eyjafjallajökull in April 2010 56 
produced approximately 0.27 km3 of airborne tephra that dispersed over Europe and the 57 
North Atlantic and led to a global disruption of air travel (Davies et al., 2010; 58 
Gudmundsson et al., 2012). Jensen et al. (2014) showed that cryptotephra of such 59 
moderate-size eruptions can have substantially larger distributions than previously 60 
assumed. This highlights the vulnerability of modern human society to such natural 61 
hazards, even during modest eruptions. Thus, reconstructions of past eruption plume 62 
envelopes help evaluate future potential volcanic hazards (e.g. Thordarson and Self, 63 
2003; Riede and Bazely, 2009; Capra et al., 2014; Dellino et al., 2014; Oppenheimer, 64 
2015; Ponomareva et al., 2015). The development and advances in tephrochronology 65 
(Dugmore, 1989; Turney, 1998; Lowe, 2011), greatly contributed to the finding of even 66 
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tiny amounts of dispersed ash (cryptotephra) in distal and ultra-distal locations and thus 67 
to the improvement of tephra dispersal maps. Tephrochronology is used in 68 
palaeoenvironmental records in terrestrial-lacustrine and marine settings in order to 69 
synchronise records and provide precise time and synchronisation markers (e.g. Lowe, 70 
2011; Lane et al., 2013; Wulf et al., 2013; Brauer et al., 2014; Davies, 2015; Wulf et 71 
al., 2016). 72 
In this study, we present a new discovery of the historic Askja AD 1875 73 
cryptotephra in three sites in Latvia, Eastern Europe. We apply the tephrochronological 74 
results of two lake sequences (Lake Āraišu, Lake Trikātas) and one peat record (Teiči 75 
Bog) to: (1) extend the modelled (Carey et al., 2010) dispersal fan of the Askja AD 76 
1875 tephra further to the east and (2) demonstrate how this cryptotephra can be used 77 
for synchronisation of rye pollen (Secale cereale) curves. Rye was selected here 78 
because it was an important agricultural and economical staple. Hence, precise 79 
chronology may improve historical and paleoecological knowledge on importance and 80 
dynamics of rye abundance. 81 
 82 
Study sites and background information 83 
Two lacustrine sediment sequences and one peat core in eastern, central and northern 84 
Latvia were collected for tephrochronological studies (Figure 1). 85 
Lake Āraišu (57°15’N, 25°17’E, 120.2 m a.s.l.) is located in central Latvia and 86 
has a surface area of 32.6 ha. Lake Trikātas (57°32’N, 25°42’E, 50 m a.s.l.) is situated 87 
in northern Latvia, and the surface area covers 13 ha. Both lakes were sampled with a 88 
1 m-long Russian peat sampler at the deepest point of the lake (12.3 m at Lake Āraišu 89 
and 4 m at Lake Trikātas) through ice in 2012 and 2013, respectively. The topmost 0.5 90 
m of unconsolidated sediment was sampled using a Willner-type gravity sampler. Lake 91 
Āraišu revealed a 12.4 m-long sediment sequence of homogeneous gyttja (Stivrins et 92 
al., 2015), while a 8 m-long sequence of alternating silt and homogeneous gyttja was 93 
obtained from Lake Trikātas (Stivrins et al., 2016). Both sequences were analysed for 94 
pollen, non-pollen palynomorphs, loss-on-ignition and magnetic susceptibility (Stivrins 95 
et al., 2015; 2016). 96 
Teiči Bog (56°37’N, 26°26’E, 108.5 to 114 m a.s.l.) is located in eastern Latvia 97 
and covers an area of ca. 14,400 ha. Sampling of the uppermost meter of the peat 98 
deposits occurred in August 2013 at the dome of Teiči Bog using a Wardenaar corer. 99 
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 100 
Chronology 101 
The sediment chronology of Lake Āraišu is based on 12 bulk 14C dates and spheroidal 102 
carbonaceous particles (SCP). The peak in SCP emissions occurred in AD 1982±10 103 
(Latvenergo electric utility company emissions data; Stivrins et al., 2015). The age 104 
model of the Lake Trikātas sediment sequence was established by six AMS 14C dates 105 
(Stivrins et al., 2016). The chronology of Teiči Bog peat is based on radionuclide dating 106 
of 210Pb,137Cs and 241Am, SCP and 11 accelerator mass spectrometry (AMS) 14C 107 
samples of Sphagnum stems (Supporting Information 1–2). Radioactive isotope 108 
concentrations were measured at the Gamma Dating Centre Copenhagen, University of 109 
Copenhagen, Denmark. Conventional 14C dating was processed at the Institute of 110 
Geology, Tallinn University of Technology, Estonia (Tln), and AMS 14C samples were 111 
measured at the Poznan Radiocarbon Laboratory, Poland (Poz) and the Scottish 112 
Universities Environmental Research Centre, United Kingdom (GU).  113 
Since the Bayesian approach provides more robust estimates of uncertainty than 114 
the classical approach using linear or spline modes, an age-depth model of each 115 
sequence (Figure 2) was produced using Bacon 2.2 (Blaauw and Christen, 2011). Bacon 116 
2.2 divides a core into a large number of thin vertical sections, and models the 117 
accumulation rate of each section (Blaauw and Mauquoy, 2012). We used function 118 
pMC.age to calculate radiocarbon ages for post-bomb dates. Individual 14C calibration 119 
was carried out by using the IntCal13 calibration dataset (Reimer et al., 2013) with a 120 
2σ (95.4%) confidence level. All age modelling was performed in the R environment 121 
(version 3.0.3) (R Core Team, 2014). 122 
 123 
Tephrochronological methods 124 
Lake and peat sediments were sampled in 1-cm (Lake Āraišu: 1290-1296 cm depth; 125 
Lake Trikātas: 450-465 cm depth) and 2-cm increments (Teiči Bog: 58-66 cm depth) 126 
in sections of the considered time frame of the Askja AD 1875 eruption and processed 127 
for glass shard extraction. In order to remove organic matter fresh peat samples from 128 
Teiči Bog were combusted at 550°C for 4 hours, while sediments from lakes Āraišu 129 
and Trikātas were treated with a 15% hydrogen peroxide solution overnight. All 130 
sediments were processed with a 10% hydrochloric acid solution in order to dissolve 131 
carbonates. Samples were subsequently wet-sieved into a 20-100 µm grain size fraction 132 
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and dried with ethanol. Glass shards of the 20-100 µm fraction were handpicked under 133 
a transmitted light microscope into a single-hole stub, embedded in Araldite©2020 134 
resin, sectioned and polished manually on silicon carbide paper, and finally carbon 135 
coated for electron probe microanalyses (EPMA). The major element composition of 136 
single glass shards was determined on a JEOL-JXA8230 instrument at the GFZ 137 
Potsdam using a 15 kV voltage, a 10 nA beam current and a beam size of 5 µm (Lake 138 
Āraišu, Teiči Bog) and 8 µm (Lake Trikātas). Exposure time was 20 seconds for Fe, Cl, 139 
Mn, Ti, Mg and P, and 10 seconds for F, Si, Al, K, Ca and Na. Instrumental calibration 140 
used natural minerals and the rhyolitic Lipari obsidian glass standard (Hunt and Hill, 141 
1996; Kuehn et al., 2011). Major element raw data and standard analysis data are listed 142 
in Supporting Information 3 and compared as normalised (volatile-free) data to 143 
published EPMA glass data of potential tephra correlatives (Figure 3). 144 
 145 
Results 146 
Tephra identification 147 
Relatively low numbers of highly vesicular, colourless to light brownish glass shards 148 
were detected at all three sites in one respective single peak sample (Figure 2). 149 
Important to note that the cryptotephra isochrones improved previous age-model 150 
estimates for both Lake Trikātas and Āraišu, particularly for the uppermost sediment 151 
sections. No shards have been found in the sediment samples above or below those peak 152 
samples. Lake Āraišu and Lake Trikātas sediments exhibited a total of 12 shards cm-3 153 
and eight shards cm-3 at 1293-1294 cm and at 457-458 cm depth (below lake water 154 
surface), respectively. All shards were geochemically characterised (Supporting 155 
Information 3). More than 45 glass shards were identified in the 2-cm3 – sample of Teiči 156 
Bog at the depth of 60-62 cm, of which seven shards were analysed (Supporting 157 
Information 3). Glass shards of all samples show a similar rhyolitic composition to 158 
Icelandic provenance with SiO2 concentration ranges of 71.6-76.1 wt% and Al2O3 of 159 
12.0-13.2 wt% (normalized data). Glass shards from Lake Āraišu reveal slightly higher 160 
SiO2 and lower Al2O3 and Na2O concentrations (Figure 3) indicating sodium migration 161 
likely due to the use of a small beam size of 5 µm during EPMA analyses. According 162 
to the bivariate plots, the glass compositions of all three samples from Latvia correlates 163 
best to the Askja AD 1875 tephra and are distinct from other historical Icelandic silicic 164 
tephras by lower K2O contents (2.1-2.7 wt%) (Figure 3). Also the high MgO is typical 165 
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for Askja AD 1875 tephra (e.g. Sigurdsson and Sparks, 1981; Larsen et al., 1999) and 166 
separates it from most other rhyolitic tephras from Iceland.  167 
 168 
Discussion and conclusions 169 
Usefulness for dating historical palaeoenvironmental records 170 
We report the first discovery of the Askja AD 1875 cryptotephra east of the longitude 171 
25ºE in Eastern Europe. The identification in Latvia is the easternmost finding of this 172 
cryptotephra so far, providing an important time marker in sediments at AD 1875. Even 173 
though low concentrations of Askja AD 1875 rhyolitic glass shards were recorded, our 174 
findings suggest the possibilities for tracing other historical cryptotephra isochrones in 175 
both lacustrine and peat sediments in Eastern Europe. Utilisation of historical 176 
cryptotephra may serve as an important tool not only in palaeoenvironmental studies 177 
but also in archaeology (e.g. Housley et al., 2015). Furthermore, natural and artificial 178 
atmospheric fall-out radionuclides, such as 210Pb and 137Cs, are commonly used to date 179 
recent sediment and peat deposits (up to the last 150 a). However, the half-life of 210Pb 180 
is 22.3 years, and after 5–7 half-lives the amount of 210Pb activity in a samples becomes 181 
statistically undetectable (Le Roux and Marshall, 2011). Consequently, Askja AD 1875 182 
and potentially other historical cryptotephras from Iceland (e.g. Landnám AD 870s, 183 
Öræfajökull AD 1362, Hekla AD 1947) may become more valuable isochrones as 184 
stratigraphic markers in Eastern Europe. Moreover, tentative finding of middle 185 
Holocene cryptotephra (Hekla-4 eruption) from western Estonia (Hang et al., 2006) 186 
indicates that eastwards cryptotephra records might be more widespread. 187 
 188 
Synchronisation of palaeoenvironmental records 189 
Using the Askja AD 1875 tephra as an isochrone, it is possible to improve chronologies 190 
and compare data of human activities such as the history of rye (Secale cereale) 191 
cultivation at Lake Āraišu (Stivrins et al., 2015) and Lake Trikātas (Stivrins et al., 192 
2016). Based on the pollen data, intensive rye cultivation has been practiced at Lake 193 
Āraišu since AD 700, with the peak at AD 1880 (Figure 4). At Lake Trikātas rye was 194 
sever cultivated since AD 1200 with a peak at AD 1800. Increases in Secale pollen do 195 
not automatically imply an increase in the amount of rye cultivation, but instead may 196 
reflect a more efficient use of existing agricultural land achieved through intensification 197 
and modernisation of arable farming techniques (Stivrins et al., 2016). Our comparison 198 
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reveals that it is possible to distinguish not only minor dissimilarities in the timing of 199 
rye cultivation intensification, but also that synchronous decrease of Secale pollen at 200 
both locations took place few years after AD 1875 (Figure 4). This can possibly be 201 
related to the changes in land ownership, land-use management (from arable land to 202 
pasture and meadow), the beginning of potato (Solanum tuberosum) cultivation as well 203 
as the end of the ’golden era’ of rye-based spirit production in the Baltic lands of the 204 
Russian Empire (Niinemets and Saarse, 2009; Stivrins et al., 2016). Likewise, the 205 
reduction of land-use area and subsequent decrease in rye cultivation can be a result of 206 
change from a subsistence extensive farming system to a more intensive farming 207 
economy due to increased crop yields in the Baltic area (Veski et al., 2005).  208 
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Figure and Supporting Information captions 365 
 366 
 367 
 368 
 369 
 370 
Figure 1. Location of study sites in Latvia, with the currently known detected limit of 371 
dispersal envelope of Askja AD 1875 (Carey et al., 2010; Wulf et al., 2016) and 372 
improved distribution envelope. 1=Lake Trikātas; 2= Lake Āraišu; 3= Teiči Bog. 373 
 374 
 375 
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 376 
 377 
Figure 2. Age-depth model of (a) Lake Āraišu, (b) Lake Trikātas and (c) Teiči Bog. 378 
Age-depth model based on 14C (purple) and 210Pb, spheroidal carbonaceous particles 379 
and cryptotephra of Askja AD 1875 (turquoise) dates. The red curve shows the 380 
weighted mean ages of all depths, whereas greyscales show uncertainties (where darker 381 
grey indicates more certain section). Selection of images of glass shards from the Askja 382 
AD 1875 tephra identified in the Latvian sites (this study): d–j scale bar 10 µm. 383 
Transmitted light images of tephra glass shards from binocular (d-h) and polarizing 384 
microscope (j). The figure is available in colour at online version of this article. 385 
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 388 
Figure 3. Chemical bi-plots for discriminating tephra found in Lake Āraišu (yellow 389 
stars), Lake Trikātas (red stars) and Teiči Bog (blue crosses) from major historical 390 
Icelandic eruptions presented as K2O wt% vs. Al2O3 wt% and TiO2 wt% vs. SiO2 wt%. 391 
Comparing EPMA glass data are obtained from (1) Larsen et al. (1999) and (2) 392 
Andersson et al. (2010), Bergman et al. (2004), Boygle (1998), Oldfield et al. (1997), 393 
Pilcher et al. (2005), Sigurdsson and Sparks (1981), van den Bogaard and Schmincke 394 
(2002), and Wulf et al. (2016). The figure is available in colour at online version of this 395 
article. 396 
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 413 
 414 
Figure 4. Synchronized rye (Secale cereale) pollen (%) of the last 2000 years for Lake 415 
Āraišu (Stivrins et al., 2015) and Trikātas (Stivrins et al., 2016). 416 
 417 
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 419 
 420 
 421 
Supporting Information 1. Teiči Bog AMS 14C dates. 422 
Supporting Information 2. Radionuclide dating and measurement results of Teiči 423 
Bog. 424 
Supporting Information 3. Individual major-element glass data of the Askja AD 1875 425 
tephra in Lake Āraišu, Lake Trikātas and Teiči Bog, and the Lipari obsidian standard 426 
glass beam size obtained by electron probe 427 
Depth, cm Lab. no. Age 14C
Cal. a 95%
ranges Material dated
25–26 Poz-58406 144.61±0.4 pMC -2963±22 BP Sphagnum  stems
30–31 Poz-58407 143.98±0.38 pMC -2928±21 BP Sphagnum  stems
35–36 Poz-58408 111.44±0.31 pMC -870±22 BP Sphagnum  stems
40–41 Poz-58409 135±25 BP 1800–1890 AD Sphagnum  stems
45–46 Poz-58411 125±25 BP 1800–1895 AD Sphagnum  stems
50–51 Poz-58412 80±25 BP 1810–1920 AD Sphagnum  stems
55–56 Poz-58413 120±25 BP 1800–1940 AD Sphagnum  stems
60–61 Poz-58414 125±25 BP 1800–1895 AD Sphagnum  stems
64–65 Poz-58415 100±25 BP 1810–1930 AD Sphagnum  stems
68–69 Poz-58416 100±30 BP 1805–1935 AD Sphagnum  stems
72–73 Poz-58417 125±25 BP 1800–1895 AD Sphagnum  stems
Supporting Information 1. Teiči Bog AMS 14C dates.
Depth Pb-210tot error Pb-210 tot Pb-210 sup
Depth, cm Age, a Error age, a Date, a cm Bq kg-1 Bq kg-1 Bq kg-1
1.5 2 1 2011 AD 1.5 376 52 13
3.5 4 1 2009 AD 3.5 479 56 0
5.5 6 1 2007 AD 5.5 691 64 3
7.5 8 1 2005 AD 7.5 459 33 9
8.5 9 1 2004 AD 8.5 445 40 0
9.5 10 1 2003 AD 9.5 419 48 0
10.5 12 2 2001 AD 10.5 527 55 8
13.5 20 2 1993 AD 13.5 481 37 0
15.5 30 2 1983 AD 15.5 447 39 0
19.5 45 3 1968 AD 19.5 233 32 0
22.5 52 3 1961 AD 22.5 161 21 5
25.5 59 4 1954 AD 25.5 149 21 0
30.5 70 5 1943 AD 30.5 112 17 3
32.5 74 6 1939 AD 32.5 52 9 4
34.5 77 6 1936 AD 34.5 72 12 0
35.5 79 6 1934 AD 35.5 77 11 4
38.5 89 9 1924 AD 38.5 92 15 9
Supporting Information 2. Radionuclide 
dating and measurement results of Teiči 
Bog
error Pb-210 sup Pb-210 unsup error Pb-210 unsup Cs-137 error Cs-137 Am-241 error Am-241
Bq kg-1 Bq kg-1 Bq kg-1 Bq kg-1 Bq kg-1 Bq kg-1 Bq kg-1
10 363 52 148 9 0 0
0 479 56 115 7 0 0
4 688 64 72 5 0 0
2 450 33 54 3 0 0
0 445 40 52 4 0 0
0 419 48 44 6 0 0
15 518 57 41 6 0 0
0 481 37 44 4 0 0
0 447 39 47 4 0 0
0 233 32 43 6 31 18
1 156 21 137 8 0 0
0 149 21 45 6 0 0
6 109 18 31 5 0 0
7 48 11 26 4 8 13
0 72 12 20 4 0 0
7 74 13 17 3 0 0
1 84 15 16 4 0 0
Sample ID SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 Total -Cl- -F- 
Lake Āraišu #1 73.78 0.92 12.7 3.72 0.1 0.83 2.54 2.96 2.25 0.2 100 0.03 0
Lake Āraišu #2 75.25 0.86 12.34 3.23 0.13 0.73 2.4 3.11 2.29 0.14 100.48 0.04 0.02
Lake Āraišu #3 74.93 0.86 12.47 3.88 0.11 0.75 2.59 3.35 2.35 0.18 101.48 0.04 0
Lake Āraišu #4 76.24 0.76 12.19 3.15 0.1 0.65 2.2 3.55 2.29 0.13 101.26 0.04 0
Lake Āraišu #5 76.22 0.82 12.58 3.45 0.17 0.66 2.33 2.96 2.24 0.18 101.61 0.03 0.18
Lake Āraišu #6 76.35 0.7 12.24 3.05 0.08 0.59 2.14 3.09 2.44 0.14 100.81 0.02 0
Lake Āraišu #7 77.75 0.7 12.48 2.88 0.1 0.6 2.16 2.99 2.42 0.14 102.22 0.03 0
Lake Āraišu #8 74.24 0.81 12.35 3.59 0.13 0.76 2.67 3.24 2.36 0.2 100.35 0.04 0.03
Lake Āraišu #9 73.38 0.83 12.57 3.87 0.11 0.77 2.91 3 2.08 0.19 99.72 0.05 0.03
Lake Āraišu #10 75.89 0.75 12.2 3.21 0.13 0.67 2.29 3.1 2.3 0.16 100.71 0.03 0.08
Lake Āraišu #11 74.26 0.79 12.12 3.3 0.11 0.72 2.5 3.13 2.31 0.14 99.39 0.03 0
Lake Āraišu #12 75.88 0.73 12.1 2.83 0.11 0.53 2.05 3.15 2.3 0.1 99.79 0.03 0
Lipari Obsidian
20 µm-beam 74.64 0.1 12.55 1.43 0.05 0.05 0.75 3.89 4.85 0 98.32 0.34 0.06
15 µm-beam 75.06 0.06 12.75 1.46 0.08 0.03 0.7 4 5.09 0 99.24 0.34 0
10 µm-beam 75.07 0.11 12.75 1.45 0.06 0.02 0.74 4.02 4.87 0 99.1 0.36 0.07
Lake Trikātas #1 73.03 0.83 12.71 3.73 0.13 0.74 2.5 3.12 2.38 0.18 99.35 0.03 0
Lake Trikātas #2 72.5 0.87 12.81 3.87 0.05 0.77 2.72 3.38 2.31 0.23 99.5 0.04 0
Lake Trikātas #3 73.65 0.77 12.73 3.4 0.09 0.76 2.65 3.01 2.4 0.2 99.65 0.04 0
Lake Trikātas #4 71.98 0.86 12.79 3.82 0.1 0.77 2.7 2.88 2.31 0.11 98.35 0.04 0
Lake Trikātas #5 69.55 0.99 12.84 4.52 0.09 0.97 3.25 2.61 2.18 0.21 97.2 0.05 0
Lake Trikātas #6 70.98 0.85 12.79 3.87 0.11 0.79 2.74 2.85 2.38 0.15 97.52 0.02 0.05
Lake Trikātas #7 72.21 0.83 12.63 3.54 0.09 0.75 2.53 3.03 2.34 0.14 98.1 0.05 0
Lake Trikātas #8 74.93 0.73 12.54 2.94 0.16 0.52 1.95 2.94 2.55 0.08 99.35 0.04 0
Lipari Obsidian
20 µm-beam 73.61 0.07 13.1 1.61 0.1 0.03 0.72 3.93 5.07 0.06 98.29 0.36 0
15 µm-beam 73.9 0.06 12.96 1.55 0.06 0.04 0.73 3.97 5.27 0.01 98.54 0.36 0
10 µm-beam 73.95 0.08 12.94 1.62 0.06 0.03 0.72 3.93 5.25 0 98.58 0.37 0
5 µm-beam 73.99 0.08 13.03 1.6 0.12 0.04 0.71 3.67 5.18 0.02 98.44 0.36 0
Bog Teiči #1 73.45 0.84 12.73 3.83 0.09 0.8 2.63 3.59 2.4 0.21 100.57 0.05 0
Bog Teiči #2 74.21 0.82 12.8 3.75 0.12 0.75 2.53 3.31 2.45 0.17 100.9 0.03 0
Bog Teiči #3 74.67 0.8 12.86 3.67 0.11 0.73 2.31 3.02 2.61 0.13 100.91 0.06 0
Bog Teiči #4 74.04 0.82 12.54 3.63 0.11 0.74 2.36 3.69 2.5 0.13 100.56 0.05 0
Bog Teiči #5 71.17 0.76 12.38 3.25 0.1 0.58 2.16 3.62 2.57 0.08 96.67 0.04 0.02
Bog Teiči #6 72.98 0.9 12.92 4.01 0.14 0.79 2.67 3.59 2.38 0.19 100.57 0.05 0
Bog Teiči #7 73.56 0.81 12.96 3.8 0.13 0.76 2.52 3.14 2.46 0.21 100.34 0.04 0
Lipari Obsidian
20 µm-beam 73.64 0.06 13.22 1.6 0.09 0.04 0.73 3.88 5.11 0 98.37 0.35 0.01
15 µm-beam 73.68 0.06 13.13 1.66 0.02 0.01 0.71 3.82 5.37 0 98.46 0.35 0
10 µm-beam 74.87 0.08 13.16 1.53 0.07 0.05 0.72 3.9 5.11 0 99.49 0.36 0.05
Supporting Information 3. Individual major-element glass data of the Askja AD 1875 
tephra in Lake Āraišu, Lake Trikātas and Teiči Bog, and the Lipari obsidian standard 
glass beam size obtained by electron probe microanalyses (EPMA).
